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Introduction
The demands placed on healthcare professionals and organizations to deliver timely and cost effective healthcare services have resulted in the increased adoption of Health Information Systems (HIS) on a global scale (Tilahun & Fritz, 2015) . Defined as "any system that captures, stores, manages or transmits information related to the health of individuals or the activities of organizations that work within the health sector" (Aghajari, Hassankhani, & Shaykhalipour 2013, p. 536) , HIS are changing how healthcare services are being delivered, with the World Health Organisation listing HIS as a key building block for strong health systems (World Heallth Organization, 2007) . As a result, many international and humanitarian agencies are investing vast amounts of money to improve HIS in developing countries (Tilahun & Fritz, 2015) . This stems from the expectation that successfully implemented HIS have the ability to transform healthcare delivery. Indeed, this potentially transformative power is exacerbated in developing nations such as Nigeria, where Information Systems (IS) are heralded as solutions to significant challenges such as inequitable access to healthcare (Ayeni & Misra, 2014) , high infant mortality rates (World Bank, 2016) , the prevalence of diseases such as HIV (Akinfaderin-Agarau, Chirtau, Ekponimo & Power, 2012) , and low life expectancies (Ezenwa & Brooks, 2013) . The potential of HIS in Nigeria has been explored in a small number of studies to date (Benson, 2011b) . However, many gaps persist in the understanding of HIS in Nigeria.
With the advancement of information and communication technologies over recent years, improved systems integration has been enabled and demanded (Stucki, Bickenbach, & Melvin, 2017) . Integration is described as encompassing approaches to understand technical, strategic and organizational systems behaviour that explicitly claim to provide greater holistic perspectives or have a philosophy underpinned by general systems theory (Wainwright, & Waring, 2004) . Integrated HIS are widely advocated to enhance performance in terms of quality and safety as a result of effective communication and standardized protocols (Suter, Oelke, Adair, & Armitage, 2009 ). However, the potential of integrated HIS has received little attention in a developing world context (Oluwatolania & Philip, 2010) . The potential of integration in this context has been highlighted by Braa, Hanseth, Heywood, Mohammed, and Shaw (2017, p.283) who state: "Integrated health information infrastructure is important in developing countries and that such infrastructures need to be based on common standards for information sharing and exchange between information systems, programs, and institution." Recent calls have been made for research which empirically investigates the challenges and opportunities for HIS implementation (Hossain, 2016) and the impact of HIS on healthcare delivery, health outcomes, and healthcare access (Al Dahdah, Loû, & Méadel, 2015) . Yet, little research has been conducted which identifies what is required for seamless integration of innovative HIS into a complex healthcare system in Nigeria (Oluwatolania & Philip, 2010) . This gap needs to be addressed to ensure that there is a move away from vertical silos to horizontally integrated systems that facilitate a standardized and holistic delivery of healthcare across all levels of the healthcare service (Adenuga, Kekwaletswe & Coleman, 2015; Oluwatolania & Philip, 2010) . This paper seeks to investigate the existing recent literature focused on HIS in the Nigerian context in order to understand what work has been done, the implications of this work, and to elucidate the enduring gaps in this context. Nigeria was chosen as the country of focus for three reasons. First, Nigeria provides an interesting context to conduct health IS research due to several health challenges (Ayveni & Misra, 2014) and the current low adoption rates of HIS in Nigerian health facilities (Benson, 2011) . Second, existing IS literature acknowledges the value of reviewing existing literature in order to advance theory and knowledge (Webster & Watson, 2002) . Third, the authors are currently conducting a feasibility study which explores the potential of a mobile health application to aid in delivering healthcare services to young children in Nigeria. It is thus, imperative to ascertain the existing knowledge in this context. Such insights will enable the research team to better design and carry out the planned feasibility testing.
The paper seeks to make two contributions. First, the paper reviews existing literature to advance theory and knowledge considering HIS in the Nigerian context. The paper will provide recommendations for future research to address gaps in our understanding of the role and integration of HIS in Nigeria. Second, the paper aims to provide practical insights which can guide future integrated HIS implementations in Nigeria and indeed in other Sub-Saharan countries; as findings in Nigeria can be considered 'an antecedent' for the rest of Sub-Saharan Africa (Mursu, Lyytinen, Soriyan, & Korpela, 2003; Daini, Ojo, & Soriyan, 1992) excluding South Africa.
The paper proceeds with an overview of the healthcare system in Nigeria. The methodology used to conduct the literature review is described, followed by presentation of the main insights gleaned from this review. The paper concludes with a summary of the important findings to guide the next steps for research in this area.
Context of the Review: Healthcare in Nigeria
Nigeria is a developing country with a population of approximately 182 million (NPC, 2017) , with 120 million of the population living just above or below the poverty line (House of Commons, 2016) . The health system in Nigeria is decentralized into a three-tier structure comprised of federal, state, and local government levels (Oluwatolania & Philip, 2010; WaterAid, 2016) . Healthcare delivery is also delineated into three levels: the primary, secondary and tertiary levels (Ezenwa & Brooks, 2013; Ademiluyi & Aluko-Arowolo, 2009 ). Currently, all three levels of government are involved in the major health functions including service provision and financing (Asangansi & Braa, 2010) . The federal government level is responsible for providing policy and technical support to the health system as well as the provision of health services in tertiary and teaching hospitals and national laboratories. At the state government level, ministries of health (MoH) provide regulation and technical support to primary healthcare services. The local government level is responsible for the delivery of primary healthcare.
A number of health conditions provide cause for concern in Nigeria. Malaria is the leading cause of death, followed by acute respiratory infections (World Health Organization, 2015; Centers for Disease Control, 2013) . Low life expectancy rates of 54 years for both genders (World Health Organization, 2015) also represent cause for concern. Infant mortality rates were 109 per 1000 in 2015 which represents a significant development from 213 in 1990 (World Health Organization, 2015 and 187 in 2000 (World Bank, 2016) . While this is a noteworthy improvement, this rate is still high when compared with the global average and fell short of achieving Millennium Development Goals (MDG4) (UN, 2015) . The high mortality rate and other health challenges may be partly attributable to service delivery gaps which hinder access to health in rural and hard-to-reach areas where many vulnerable people reside (Federal Ministry of Health, 2013) .
HIS can positively impact the delivery of healthcare services (Asangansi & Braa, 2010) . It is often argued that developing countries lack the necessary organizational structures and resources to implement sustainable HIS (Asangansi & Braa 2010; Braa et al., 2007) . While Nigeria can be considered a latecomer to the digital age (Ezenwa & Brooks, 2013) , it is now described as one of the fastest growing nations for telecommunications in Africa (Aderonke, 2010) . In the healthcare context, there exists a breadth of opportunities for leveraging information technology in Nigeria (Oluwatolania & Philip, 2010) . In acknowledgement of the potential of IS, the federal government has engaged in efforts to enable electronic health data exchange via the Mobile-Application Data Exchange System (MADEX) (Ezenwa & Brooks, 2013) . Nigeria has been described as one of the leading developing countries in the implementation of mobile health solutions (Thompson, Castle, Lubeck, & Makarfi, 2010) . However, much work remains to be done. For example, the implementation of HIS in Nigerian hospitals remains at an extraordinarily low level (Benson, 2011b) . This paper explores existing research in a bid to understand the different HIS implementations underway in Nigeria and the dominant challenges and opportunities.
Methodology: Conducting the Review
This section briefly outlines the process followed in conducting the literature review. An archival analysis of existing literature was conducted to identify trends and opportunities for future research (Eden, Sedera, & Tan, 2012) . As a nascent research area (Hossain, 2016) , this type of review illuminates many areas for empirical exploration while also providing practical insights to guide future HIS projects. The scope of the review includes empirical studies focused on HIS implementation in Nigeria. Based on the World Health Organization's (2007) definition, we adopt a broad working definition of HIS encompassing any use of information technology to capture, store, and disseminate information related to patients' conditions, health challenges and trends. In order to capture as many relevant studies as possible, the archival analysis targeted publications in Information Systems (IS), Health Informatics (HI) and First, each database was searched with the following terms: (1) 'health ICT' AND 'Nigeria', (2) 'health technology' AND 'Nigeria', (3) 'mobile health' AND 'Nigeria', (4) 'health information systems' AND 'Nigeria'. The broader term 'Health' AND 'Nigeria' was also used in IS and Health Informatics Databases. Second, all resulting articles were screened for the keywords in the title and abstract. Articles were then subjected to the inclusion criteria which were as follows:
• Articles which failed to meet all of the inclusion criteria were excluded including literature reviews and conceptual papers. Articles which focused on other developing countries were also excluded. All articles were downloaded and read in full. Following the deletion of two duplicates, the review consisted of 18 articles.
Overview of Findings
The trends among existing studies are outlined in this section. Firstly, the distribution of studies published between IS, Health Informatics, and Medical outlets is noted in Table 1 Table 1 , the majority of studies in the review were published in Medical or Health journals. Many of these studies focus on health outcomes with the technology artefact rarely forming the focus of the study. For example, Modrek et al. (2014) found that SMS reminders increase adherence to recommended treatments for Malaria. In this study, technology (SMS) merely provides a mechanism for testing the efficacy of treatment reminders on adherence. Six of the studies in the review were published in Health Informatics journals. In several of these studies, technology plays a minor role with some studies exploring views towards information technology, experience using technology in healthcare (Bello et al., 2014) , and technology ownership (Jennings, Omoni, Akerele, Ibrahim, & Ekanem, 2015) . However, in a small number of studies, the emphasis is on IT artefacts. Thompson and colleagues (2010) introduce an electronic medical record system to digitize data collection in a family clinic, while Odetola (2015) describe a mobile health nursing intervention as a means of improving maternal care services. Only one study was published in an IS conference and another in an IEEE Computer Science conference. In both papers, the IT artefact is at the centre of the study. For example, Ezenwa, and Brooks (2013) found that the MADEX system improves data management and decision making in maternal care thus supporting the potential of HIS in Nigeria, while also harnessing Actor Network Theory to discuss the factors surrounding acceptance of an IS among different stakeholders. This approach is described as explanatory theorizing. It must be acknowledged that many studies in the review fail to leverage any pre-existing theory or engage in new theorizing. Given the significant investment in electronic Health (eHealth) and mobile Health (mHealth) initiatives in developing countries such as Nigeria (Al Dahdah et al., 2015) , the lack of attention paid to theory development is problematic. Although theorizing within eHealth research was briefly explored by Cockcroft (2015) , there is a real need to move beyond using generalizable theories, in the form of descriptive or explanatory studies (Gregor, 2006) . The existing work in Nigeria echoes HIS research in other contexts, where studies engage in explanatory theorizing with little research going beyond this to predictive theorizing (O'Connor, Eze, & Heavin, 2016) . In support, we echo recent calls for studies which engage in deeper theorizing to build a greater depth of theoretical and practical understanding in the HIS research area (O'Connor et al. 2016 ).
The second trend of interest relates to the publication dates of prior studies. Table 2 Table 2 . Years of Publication for Papers in the Review The methodologies followed by prior studies are also of interest. A broad scope of methodologies (i.e. surveys, interviews, and some form of experimental intervention) was followed in the existing studies as shown in Table 3 . The majority of studies collected data using two or more methods. For example, Thompson et al. (2010) use surveys to explore computer knowledge levels. This data was complemented with observations and in-context interviews. A number of studies employ either a multi-method approach using several qualitative or quantitative methods of data collection (e.g. Flax et al., 2017) or a mixed-method approach (e.g. Chukwu, Garg, & Eze., 2016; McKenzie et al., 2016; Modrek et al., 2014) , supplementing interview and survey data with data from other sources such as ethnographic observations, phone calls made by patients, and health data from patient files. However, there are a number of weaknesses inherent in current studies one of which is the lack of detail in which the study methodology is described. These mixed methods studies fail to adhere to respected reporting methodologies such as GRAMMS (Good Reporting of a Mixed Methods Study) developed by O'Cathain, Murphy, and Nicholl (2008) . Without such a structure, existing studies do not report on why mixed methods were appropriate, sampling strategy, and do not provide detailed analyses procedure overviews. Furthermore, existing studies do not provide detailed descriptions of how data validity, reliability and trustworthiness were attained (Venkatesh, Brown, & Bala, 2013) . This is a fundamental weakness of existing research without transparency on validity testing, readers cannot evaluate the robustness of existing studies.
Another issue inherent in existing studies relates to methods of analysis (see Table 3 ). Of the existing studies employing quantitative methods, sophisticated analysis techniques are not widely used, with many merely utilizing descriptive statistics. Qualitative studies provide little detail on how conclusions and inferences were reached, and mixed methods studies fail to integrate quantitative and qualitative findings to provide the comprehensive insights that mixed methods of inquiry should bring (Venkatesh et al., 2013) . In summary, while the array of methods utilized suggest a richness in methodology, existing studies fail to adequately describe their methodologies or engage in the analysis needed to derive robust findings. Several further observations can be made on the approach taken in the existing studies. First, a broad range of health issues have been covered including sexual and reproductive health, maternal care (Ishola & Chipps, 2015; Odetola, 2015; Ezenwa & Brooks, 2013) , antenatal care (Jennings et al., 2015) , Ebola (Otu, Ebenso, Okuzu, & Osifo-Dawodu, 2016) , and cancer (Mac Kenzie et al., 2016; Odigie et al., 2012) . Several studies focus on educating health professionals or patients on important health issues such as sexual and reproductive health (Akinfaderin-Agarau et al., 2012), Ebola (Otu et al., 2016) , and antenatal care (Jennings et al., 2015) , while others explore the barriers facing health technology implementation (Benson, 2011a , Ayeni & Misra, 2014 . This breadth of HIS is reflective of the immediate healthcare in needs in Nigeria. Mostly, these are identified by agencies such the World Health Organization (WHO) and UNICEF. Up to very recently, health concerns in sub-Saharan Africa have focused on maternal health and communicable diseases such as malaria, HIV and Ebola. As life expectancy continues to increase and communicable diseases become more controlled (International Network for Cancer Treatment and Research (INCTR), 2017; Lamptey, Dirks, Torpey, & Mastro, 2016) , it seems there is an epidemiological shift towards increased instances of non-communicable disease such as cancer (INCTR, 2017) , diabetes (Prentice, 2006; Hermen, 2017) and hypertension (Ibrahim and Damasceno, 2012) in developing countries. This shift may broaden the application scenarios for HIS in countries such as Nigeria.
Interestingly, no paper from the review mentioned the word 'integration'. This highlights the fact that the vast majority of applications developed for a Nigerian context are designed in isolation (i.e. silos), with little to no consideration given to the broader context (i.e. horizontal intersection of technological artefacts) (Oluwatolania & Philip, 2010) . As mentioned above, the majority of studies within this review (n = 16) were published in medical/health journals. This may explain the lack of integration examined and discussed in the papers as many perceive the concept of integration to be a technical criterion.
Discussion of Findings
This review explores the existing literature focused on HIS in Nigeria as a means of ascertaining current understanding on the opportunities and challenges facing implementation. The framework developed by Leon et al. (2012) to understand the various health system factors facing technology implementation in South Africa is leveraged as a tool for understanding the current literature in the Nigerian context. This framework was chosen due to its broad approach to understanding the opportunities and challenges facing HIS in the developing country context. This framework is comprised of four dimensions (i.e. stewardship, organizational, financial and technology). Each factor is discussed individually. Stewardship: The stewardship dimension explores whether the government has created policy to support health technology implementation and includes factors related to strategic leadership and the learning environment (Leon et al., 2012) . The existing literature provides some interesting views on the current situation in Nigeria. The lack of existing policy to guide HIS implementation is noted in the literature (Benson, 2011b) . Empirical findings from our literature review also support the current lack of policy. For instance, policymakers, health professionals, and Internet service providers all view current unclear policy on health information as a barrier to HIS implementation in Nigeria (Benson, 2011a) . The need for improved policy is also apparent in both the findings and the conclusions of authors. For example, Odetola (2015) highlight the need for policymakers to explore the potential of mobile health to improve maternal health services. Furthermore, in Benson (2011a) , a large majority (77-90%) of policy makers, health professionals, and Internet service providers believe that health policy is imperative to guiding systems implementation. In summary, existing work indicates that the lack of clear policy is a practical issue hindering the potential of HIS in Nigeria at the present time.
In terms of the present learning environment, a small number of studies investigated the current abilities of health professionals and patients to leverage health technologies. In 2004, Bello et al. found that a mere 26% of health professionals and medical students had access to a computer and a smaller number possessed good computer knowledge. This evidences the need to invest in computer accessibility and learning. In the patient context, Flax et al. (2016) found that many women lacked access to a mobile phone and thus could not take part in mHealth programmes. A gap between phone access and use for health purposes is also apparent. Akinfaderin-Agarau et al. (2012) noted that while the large majority of women in their study owned or had access to a mobile phone, very few had used their phone to seek health information in the past. Research also provides some support on the ability of technology to support learning in the health environment. For example, Otu et al. (2016) found that their mobile health application improved health workers' understanding of Ebola. To date, learning has been explored in a number of studies. However, no studies have conducted robust analysis to exploring how current knowledge levels impact usage or attitudes towards HIS. Gaps also persist in terms of studies which provide and evaluate the efficacy of learning interventions in improving technology self-efficacy or use.
Organizational:
The current information collection processes in place in Nigeria are noted by several studies which highlight the inefficiencies in current paper based practices (Ewenza & Brooks, 2013) . Health IS present the potential to overcome these inefficiencies. These studies provide some evidence for same. For example, McNabb et al. (2015) developed a mobile application to collect patient antenatal data and provide primary healthcare workers with assisted guidance when treating patients, which resulted in improvements in the service provided by workers. Other organizational challenges include corruption in the Nigerian government, resistance to adoption among end users (Benson, 2011a) , and the role of culture. For instance, women noted that it was viewed as shameful for them to seek sexual health information and discussed fear of isolation (Akinfaderin-Agarau et al., 2012) . The current body of literature suggests that there are many organizational challenges facing HIS implementation in Nigeria, however existing research does not close the gap between identifying perceived organizational challenges and determining whether such factors actually impact implementation.
Financial:
Many of the studies note that their projects were funded by research funding bodies and NGOs or that the period of data collection was constrained based on the length of their funding period (e.g. McKenzie et al., 2016) . One study explicitly explores views on financing, finding that policy makers, health professionals, and Internet service providers all believe that lack of funding is a significant barrier to health system implementation in Nigeria (Benson, 2011a) . The importance of funding is apparent; it enables research in this area to take place, and sustainable financing represents an issue facing future IS implementations in Nigeria. The cost effectiveness of mHealth solutions and mobile phones as a means of sharing health information was highlighted by many researchers in this review. For example, it is argued that electronic medical records have the potential to transform health data collection in Nigeria at a low cost (Thompson et al., 2010) . Further more recent research purports their mobile health intervention provides a low cost means of collecting patient data and assisting primary health workers in delivering high quality care (McNabb et al., 2015) . Financing remains a key issue on a practical level in Nigeria. While several studies highlight finance as an issue or barrier, little depth of understanding exists on how this concern influences views towards HIS projects, or engages with policymakers to derive insights on potential solutions for the finance problem.
Technology:
The studies in the review leverage technology in a variety of ways. Many studies utilized technology in a simple manner using mobile devices merely as a mechanism for communication with oncologists via phone (Odigie et al., 2012) , or with patients via SMS (Modrek et al., 2014) and video messages (Biruklia et al., 2016) . For these studies, the emphasis was not on the technology but the health service or the message in question. Some studies developed and tested new HIS interventions. For example, one study tested the effectiveness of mobile health interventions for improving antenatal care services (McNabb et al., 2015) and another explored the potential of electronic medical records for collecting data in a family clinic (Thompson et al., 2010) . This illustrates the variety of applications of technology within healthcare in Nigeria. There are also many gaps in our understanding on the impacts and potential of HIS. A small number of studies focused on HIS on a broad level exploring opportunities and challenges, while others included detailed descriptions of a specific health intervention. The issue of usability was not explicitly explored in many studies, however a small number noted that the sample were trained in the use of the intervention (e.g. Odetola, 2015) . Interoperability was highlighted as an issue facing health systems implementation in Nigeria. In terms of privacy and security, one study noted that the priority in Nigeria was not to focus on privacy but rather to understand how to leverage technology to reduce mortality rates (Ayeni & Misra, 2014) . This contradicts assertions made by researchers in other developing countries (Al- Dahdah et al., 2015) and indeed the findings of Akinfaderin-Agarau et al. (2012) , who found that young girls expressed fears regarding the privacy of using mobile phones to seek sexual health information. Many gaps in our understanding persist around the potential of different health technologies, interoperability, and privacy/security barriers.
Future Research: Directions and Recommendations
We leverage the findings in the previous two sections to identify areas for future research and detail practical implications for future HIS implementations in Nigeria and other developing countries. In doing so, Leon et al.'s (2012) framework is extended to further propose how the concept of HIS integration can be investigated in future work.
As noted, there have been repeated calls for further research on the role of IS in developing countries (Al Dahadah et al., 2015; Hossain, 2016) . This literature review identified a bounty of opportunities for future research. A number of broad recommendations can be noted prior to discussing more targeted research streams.
First, the need for more research in the IS domain is highlighted. This review identified one paper which was published at an IS affiliated conference. We acknowledge the existence of IS studies conducted in other developing countries such as Bangladesh and Ethiopia, which have been published at major IS conferences such as ECIS (e.g. Mengesha, Garfield, Kebede, & Musa, 2014) and in IS journals (e.g. Hossain, 2016) . We argue that there is a need for further IS research in the context of healthcare delivery in developing countries such as Nigeria, to understand this phenomenon further and to better shape research and practice going forward (Scott et al., 2015; O'Connor et al., 2016) . The majority of studies in this review published in Health Informatics and Medical outlets pay minor attention to the technology in question. These studies contribute to knowledge in other ways and offer support for the vital role of IS such as the importance of phone ownership in the facilitation of mHealth interventions (Jennings et al., 2015) and the efficacy of SMS reminders on treatment adherence (Modrek et al., 2014) . However, there is a need for IS studies which can assess the strengths and contributions of new HIS implementations, while also leveraging theory to explain the sociomaterial, sociotechnical, and organizational challenges and factors to be addressed. Such research is imperative in the advancement of IS research in the health context, to test theories among new cultures and to provide recommendations which can aid developing countries such as Nigeria in achieving the promised benefits of HIS.
Second, the context dimension must be explored further. This review focuses on Nigeria. Similar reviews could be conducted to ascertain the existing knowledge and prevailing gaps in research in other Sub-Saharan countries as well as other developing countries. Empirical studies could also be conducted in these countries based on the findings of studies in Nigeria to explore whether similar challenges in implementation are experienced. As noted, few studies in the review utilized existing theories or engaged in deep theorizing based on their findings. The HIS research domain attracts a lot of research in the developed world context. It would be useful to leverage existing theories from this domain and test their efficacy or predictability in the developing world context. This could both strengthen existing theories and lead to the generation of new theories.
The remaining recommendations (both theoretical and practitioner focused) are organized in line with components of the framework presented by Leon and colleagues (2012) . This framework is extended to illustrate how integration must be considered in a Nigerian context moving forward (see Figure 3) .
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Figure 3. Integration Requirements for HIS in Nigeria
Stewardship: Strategic integration of HIS in Nigeria must be embraced to assist with stewardship. Shaw, Rosen, and Rumbold (2011) contend that integration is a strategic issue and consequently, should have a strategic component. The strategic domain of integration encompasses both internal and external integration (Platts, 1995) . Internal integration, according to O'Leary-Kelly and Flores (2002) , refers to the extent to which separate parties work together in a cooperative manner to arrive at mutually acceptable outcomes. The external level refers to "the degree to which systems and technologies interface with outside organizations and agency computer systems" (Raghupathi & Tan, 2002, p.57) . In essence, this is a shared strategic approach which describes the structures and processes that further shape, govern and manage joint activities (Mitchell & Shortell, 2000) . According to Janse, Huijsman, Kuyper, and Fabbricotti (2016, p. 377) , this approach requires "'domain consensus', which refers to the alignment of the goals and interests of stakeholders and reaching agreement on the distribution of power and resources". Therefore, governments should work with various stakeholders within and outside of the healthcare system to develop policy and better improve the delivery of healthcare services in Nigeria. In doing so, governments must allocate resources to educate the population (both users [e.g. healthcare providers] and indirect users [e.g. caregivers] of the technology).
Researchers could explore the views of policymakers on the potential of HIS and the challenges they foresee in its implementation and adoption. There is a need for research which can offer detailed policy recommendations to health policy makers in terms of leveraging HIS. Regardless of whether future research is focused on the policy issue, it is imperative for researchers to connect with policymakers where possible to inform them of their study and its potential contribution to the health system of the developing country in question. The findings regarding the current learning environment present many opportunities for future research. First, health professionals' current HIS knowledge and attitudes should be explored to revisit the findings of Bello et al. (2004) . This is important both to ascertain learning and training needs and to explore potential resistance among doctors which is viewed as a barrier to HIS implementation in Nigeria (Benson, 2011a) . Future research should also focus on the efficacy of training programmes in informing health professionals' and patients' confidence and skills in leveraging health interventions (Hersh, Margolis, Quirós, & Otero, 2010) . In addition, the use of technology as a platform for educating healthcare workers and patients on important health issues was explored in several studies (Otu et al., 2016; Birukila et al., 2017) with positive results. The effectiveness of mobile interventions in improving education on emerging health issues, healthcare practices, and long term engagement in healthy behaviours should be explored. Findings on accessibility of mobile devices were mixed. For example, Akinfaderin-Agarau et al. (2012) found that the large majority of women owned or had access to a mobile phone, while Flax et al. (2017) found that many women lacked access. There is a need to investigate access among women in Nigeria further, as lack of access could impede citizens' ability to partake in mHealth programmes.
From a practical perspective, the lack of policy to guide and incentivise HIS implementation in Nigeria was evidenced in the review (Benson, 2011a) . There is an apparent need for policymakers to review the opportunities for HIS and offer support on the federal, state, and community levels of healthcare delivery. The Sustainable Development Goals (SDG) have been recently introduced to build and expand on the recently expired Millennium Development Goals (MDG), no doubt this will result in new HIS initiatives in eHealth and mHealth. However, little advice is offered in terms of operationalising and maintaining these initiatives. Policymakers and aid organizations need to collaborate to overcome some of the issues facing HIS implementations such as financing, training for healthcare professionals and building project sustainability post pilot stage. IS Researchers and developers also have a responsibility to engage with policymakers and health leaders when exploring the potential of HIS in Nigeria and other developing countries to ensure they are focused on developing the right HIS that is fit for purpose in the developing country context, namely Nigeria. Additionally, Akinfaderin-Agarau et al. (2012) found that the majority of women in their study had never previously utilised their mobile phone to seek health information. This finding coupled with the effectiveness of the tablet application developed by Otu et al. (2016) , on improving understanding of Ebola, supports the role of mobile devices as a conduit to educating patients and healthcare workers. In the practical sense, it is imperative to communicate such uses and benefits of mobile devices.
Organizational: Research shows that IS can be used to improve the delivery of antenatal care. To further strengthen the case for implementing IS, there is a distinct need for structural, social and cultural integration. Structural integration is the change to the organizational structure brought about by technological change (Murray & Wilmott, 2000) . This situation whereby technology is used to create organizational change is referred to as "technochange" (Markus, 2004) . One example of technochange that changes the structure of the organization is business process re-engineering. The Nigerian healthcare system is inevitably changing (cf. Uneke et al., 2016) , as current approaches are deemed inefficient. A programme should be introduced to promote, support and facilitate change from technology across all levels of the healthcare system in Nigeria. This is closely related with social and cultural integration.
Social integration, as proposed by Wainwright and Waring (2004, p.337) , relates to the "mutual relations of individuals working within organizational communities" whether it be at a team, department, unit, organizational, national or international level. This is important as any IS implementation requires commitment from several stakeholders. Governments must work closely with the end users of IT artefacts to ensure the technology is successfully utilised in the long term. Cultural integration refers to a "dynamic set of assumptions, values and artefacts whose shared meaning can be acquired by members of the organization" (Harris, 1998, p.355) . Similarly, Hatch and Cunliffe (1997, page 206) defines culture "as shared meaning, understanding, values, belief systems or knowledge that depends upon both community and diversity". When integrating IS it is integral to be aware of the cultural aspects involved (Pliskin et al., 1993) . Research has shown that cultures differ between developed and developing countries (Sood et al. 2008 ) which must be incorporated within software development projects. Research in other areas has shown that this integrative approach is effective (cf. Chrispin & Katzenstein, 2006; Sood et al., 2008; Biswas et al., 2014; Farag, 2015) .
Future research which establishes the impact of IS interventions in Nigeria and other developing countries. This follows the assertions of Chib, van Velthoven, and Car (2015) who call for the evaluation of new IS implementations. It is important to ascertain what benefits can be achieved from these implementations. The views of stakeholders such as patients, healthcare workers and policymakers regarding these benefits should also be investigated to explore the needs of different groups but also to identify training needs. Training interventions which highlight the benefits to different stakeholders can then be designed in an effort to improve acceptance and adoption of new health IS initiatives. Gaps remain in terms of understanding of capacity for HIS implementation, this challenge is not specific to Nigeria but is perceived as a barrier to successful HIS implementation across the developing world (Mars, 2012) . Future research could explore the capacity of Nigerian health leaders to implement large scale HIS, the ability to integrate different systems at community, state, and federal level and other barriers to implementation should as resistance among end users. Reasons 84 beyond resistance must be explored and addressed prior to the implementation of new systems. There is also a need for research which can articulate the data collection practices in place at the three levels of the Nigerian health system and identify where HIS could improve these processes.
Financing: Finance represents an issue of concern, as most of the HIS initiatives in developing countries such as Nigeria are funded by external benefactors and are not independently self-sustaining. We need to explore ways to support the transition of donor supported HIS development and maintenance to alternative sustaining funding mechanisms which might include government contracts, insurance or direct payment from consumers (Lewis, Synowiec, Lagomarsino, & Schweitzer, 2012) . Future research will involve fully investigating the cost of developing and maintaining HIS infrastructure and regulatory structures that support the delivery of healthcare services at the different levels of the health delivery system (Schweitzer & Synowiec, 2012) . Further, detailed cost benefit analysis is required to measure the outcomes of successful HIS utilisation as well as reporting on the anticipated return on investment. Financial resources should be embedded within government policy as part of a strategic integration associated with HIS implementation.
From a practical perspective, full health economic evaluations need to be conducted to understand the economic viability of HIS implementation and scalability in Nigeria. Financing is directly linked to policy development, existing studies recommend the need for robust policies that support standardised monitoring of government health expenditures and government spending in health-related sectors in developing countries (Lu et al., 2010; Leach-Kemon et al., 2012) , as well as policies for monitoring international funding to improve healthcare delivery in these jurisdictions (LeachKemon et al., 2012) .
Technology:
There are numerous possible technology interventions that researchers could explore in the Nigerian health system. However, we would argue that this should be explored from a 'horizontal' technical/system integration perspective. The technical perspective is very dominant in literature and integration is seen as integral to make complex software and hardware artefacts communicate utilising appropriate protocols, conventions and technologies (Waring & Wainwright, 2000; Oluwatolania & Philip, 2010) . According to Buckelew (1985) , the technical domain of integration concerns the physical integration of systems. From a wider perspective, Zaitun, Mashkuri, Mohaminad, and Helena (199, p.2147 ) define systems integration as "the assembling of various hardware (such as computers and telecommunication systems), software (such as accounting, desktop publishing, and personnel management) and human interfaces to accomplish a specific goal."
Building from this, there is a need for research which explores the interoperability issues facing new implementation and provides solutions for these issues. Future research which follows implementation of a new HIS in a longitudinal manner could be of great benefit in understanding scalability and interoperability issues. There is a need for usability research for any new intervention regardless of size or end user; usability testing should be conducted on new technologies supported by adequate training for end users. The review yielded mixed findings of the issue of privacy and security. There is a need to further explore this issue to clarify these findings and determine if privacy is a concern in Nigeria and if so, does concern for privacy impede patients' willingness to use mobile devices for health purposes as suggested by Akinfaderin-Agarau et al. (2012) . The effectiveness of communicating the security measures in place to preserve the privacy of patient data could also be examined.
From a practical perspective, developers need to look beyond the small scale feasibility analysis and aspire to design, build and implement scalable, extensible HIS solutions that can integrate with existing technologies. To ensure the development of a HIS that is fit for purpose within the Nigerian context, end users need to be involved with the early design and development activities. The success of most HIS is dependent on the accessibility and usability of the technology. An iterative approach to user experience design and testing will ensure early user engagement resulting in high levels of user satisfaction and an increased commitment to using the technology. Designing, building and implementing robust scalable HIS solutions will act to underpin the "big health data" opportunity. High quality "small patient data" and analytics tools will support the generation of actionable insights for improved disease surveillance, resource allocation, the development of new public health policies and healthcare infrastructure in Nigeria. Recent epidemiological shifts in the presence of non-communicable diseases in Nigeria also present opportunities for new HIS which should improve the treatment of patients with such diseases while also enabling the monitoring and analysis of trends.
In summary, Leon and colleagues (2012) described four health system dimensions and the requirements which must be meet prior to mobile health implementation. Based on the preceding paragraphs, table 5 below notes the current status of each dimension in the Nigerian context based on the existing literature and makes some concluding research recommendations for reaching the requirements outlined by Leon et al. (2012) . These recommendations may be relevant to other African countries interested in leveraging mobile health and researchers in this area. 
Health
Conclusion
This paper conducts an archival review of HIS research in Nigeria. Of the 18 papers identified, only 2 papers were published in the IS domain. The current body of knowledge provides many insights into the challenges facing HIS implementation in Nigeria such as the lack of policy guidance, resistance among end users, and cultural barriers, as well as the weaknesses within existing research design, methodologies and analysis.
As is the case with any study, this paper is not without its limitations. The focus on Nigeria could be deemed limiting, however this focus enabled the inclusion of a breadth of databases and the findings in the Nigerian context can act as antecedents to other Sub-Saharan countries. The omission of conceptual papers and those published in other languages may also be seen as weaknesses. Furthermore, the paper could have included some other relevant publication outlets and search terms. It was deemed necessary to focus on top-tier publications initially with the view to expand this review in 86 the near future.
At present, this paper serves as a starting point and makes two important contributions. The paper provides practical insights for navigating these challenges when implementing new HIS in Nigeria moving toward a more integrated holistic approach to HIS design, development and implementation. Achieving an integrated view of HIS in Nigeria will require more joined up thinking by decision makers as they grapple with the opportunities and challenges of HIS and how these should be implemented in the existing healthcare services. This study identifies many avenues for future research in this area. Researchers need to prioritise a more integrated approach to HIS as a research area, we advocate for IS researchers to conduct rigorous empirical investigations which can strengthen existing theory, foster new theory and provide important insights which aid in advancing the area of HIS research while enabling the realization of the proposed benefits of IS in healthcare in developing countries.
